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Claim Amendmemii 

1. (Once Amended) A method for making formation evalnfltiAn determinations 
e valuating formation f hrids, comprising: 

acquiring a nuclear magnetic resonance measurement of anearthf<;>n -p^g^j|^ti; 
acquiring a dielectric measuremen t of the earth foimation : and 
determining an oil volume fraction of the earth formatin.^ fiom a comhinatinT^ 
of the nuclear magnetic resonance measureaneat and the dielectric measuranent 

2. (Original) The method of claim 1, wherein the nuclear magnetic resonance 
measurement comprises at least one spin echo amplitude. 

3. (Original) The method of claim 2, Dvfaerein Oie acquiring the nuclear magnetic 
resonance measurement uses a polarization time suflSciently long so Hjiat nuclear spins are 
substantially polarized 

4. (Original) The method of claim 1, wherein the dielectric measm«meot comprises an 
electromagnetic wave phase shift. 

5. (Original) The method of claim I, wherein ihe formation fluids comprise fluids in a 
foimation traversed by a borehole drilled with a water-based drilling fluid. 

6. (Original) The method of claim 5, wherein the acquiring the nuclear magnetic 
resonance measurement and the acquiring Ae dielectric measurement are performed while 
drilling. 

7. (Original) The method of claim 5, finther comprising: 

deteimimng a water-filled porosity firom the dielectric measurement; 
detemiining a total formation porosity from the nuclear magnetic resonance 
measurement; and 

detemiining an oil-filled porosity by subtracting the water-filled porosity from 
the total formation porosity. 
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8. (Origiaal) The method of claim 5, wherein the dielectric zneasuiement comprises an 
electromagn .tic wave attenuation. 

9. (Original) The method of claim 8, further comprising: 

determining a total formation porosity iSrom the nuclear magnetic resonance 
measur^ent; and 

calculating a salinity of a brine in tiie formation based on ttie total formation 
porosity and a Icnown aqueous phase attenuation function with respect to the salinity and a 
formation temperature. 

10. (Original) The method of claim 1, wherein the fonnation fluids comprise at least one 
sample withdrawn from a formation traversed by a borehole, and a sum of an oil 
volume jftaotion and a water volume fraction is taken to be one. 

11. (Original) The method of claim 10, further coinprising: 

determining a total volume of the foimaticwi fluids from the nuclear magnetic 
resonance measurement; 

determining the water volume fraction of the fonnation fluids from die 
dielectric measurement; and 

determining the oil volume fraction of the fbrmation fluids by subtracting the 
water volume fraction of the formation fluids from the total volume of the formation fluids, 

12. (Original) The mefliod of claim 10, whwein the dielectric measurement comprises an 
electromagnetic wave attenuation. 

13. (Original) The method of claim 12, fhifher comprising calculating a salinity of a brine 
in the sample based on a total volume of the formation fluids and a known aqueous 
phase attenuation function with respect to the saliniQr and a fluid teaq}eratUTe. 

14. (Once Amended) A method for making formation evaluation determinaf i^Tn^ 
e ^nluoting a volumo of formation fluido , comprising: 
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acquiring a nuclear mag^etic resonance mea$uremen t_of an earth formation: 

acquiring a dielectric measuremen t_of the earth fomalion; 

acquiring a bulk density measuremen t of die earth formation; ^ 

forming a set of linear TftSDonse equa tions renneseDtine a reservoir fluid model: 

and 

solving fr-^ set of linear response equations r e pr e senting a rooQt\^oir fluid 
aeiel to detennine fractional fluid volumes of the earth formatinn from a combination of t he 
nuclear magnetic resonance measurement, the dielectric measurement, and the bulk density 
measurement. 

15. (Original) The method of claim 14, wherein the reservoir fluid model conqjrises a 
representation of a non-gas bearing fonnation, the fractional fluid volumes comprise a 
water volume fraction, an oil volume fraction, and an oil-based mad fQtrate volume 
fraction, and the set of linear response equations comprises: 

a nuclear magnetic resonance response equation that defines a total volume of 

the fonnation fluids vjrith respect to the oil volume fraction, the water volume fraction, and the 

oil-based mud filtrate volume fraction. 

a dielectric response equation that defines an electromagnetic wave travel time 

with respect to the oU volume fraction and an oil travel time, the water volume fraction and a 

water travel time, and the oil-based mud filtrate volume fraction and an oil-based mud filtrate 

travel tune; and 

a density response equation that defines the bulk density with respect to an oil 
density and the oil volume fraction, a water density and the water volume fraction, and an oil- 
based mud filtrate density and the oil-based mud filtrate volume fraction. 

16. (Original) The method of claim 15, wherein the fonnation fluids comprise fluids in a 
fonnation traversed by a borehole drilled using an oil-based drilling fluid, ihe 
electromagnetic wave travel time is a fonnation electromagnetic wave travel time, the 
bulk density comprises a formation bulk density, the total volume of the formation 
fluids comprises a total fonnation porosity, the oil volume fraction comprises an oil- 
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filled porosity, the water volume fraction comprises a water-filled porosity, and the 
oil-based mud filtrate volume fraction coirpises an oil-based mud filtrate porosity. 

17. (Original) The method of claitn 16, wherein the oil-fiUed porosity and the oil-based 
mud filtrate porosity are inseparable and the reservoir fluid model conipiises a water 
phase and a combined oil and oil-based mud filtrate phase. 

18. (Original) The method of claim 16, wherein the dielectric measurement comprises a 
measurement of a complex dielectric constant of the formation. 

19. (Original) The method of claim 16 fuxtiber comprising calculating a salinity of a 
connate water in the formation based on the total formation porosity and a known 
aqueous phase attenuation function with respect to the salinity and a formation 
teniperature. 

20. (Original) The method of claim 15, wherein the formation fluids comprise at least one 
sample taken from a formation traversed by a borehole, and a sum of the oil volume 
fraction, the water volume fraction, and the oil-ba«ed mud filtrate volume fraction is 
taken to be one. 

21. (Original) The method of claim 20, wherein the at least one sample is withdrawn sudi 
that it comprises substantiaUy native foimation fluids and the oil-based mud filtrate 
volume fraction is zero. 

22. (Original) The method of claim 14, wherein the reservoir fluid model comprises a 
representation of a gas-bearing formation, the fractional fluid volumes comprise a gas 
volume fraction, a water volume fraction, and a gas-corrected total volume, and the set 
of linear response equations comprises: 

an nuclear magnetic resonance response equation that defmes the total volume 
of the formation fluids with respect to the gas volume fraction, a water volume fiaction, and a 
gas-conected total volume; 
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a dielectric response equation that is adapted for the gas-bearing foimation by 
defining an electromagaetic wave travel time with respect to the gas volume fraction and a 
gas travel time, the water volume fraction and a water travel time, and the gas-coirected total 
volume and a gas-coirected travel time; and 

a density response equation that is adapted fox the gas-bearing foraiation by 
defining the bulk density measnrement with respect to the gas volume fraction and a gas 
density, the water volume fraction and a water density, and the gas-corrected total volume and 
a gas-corrected total density. 

23. (Original) The method of claim 22, wherein the foimation fluids comprise fluids in a 
formation traversed by a borehole, tihe electromagnetic wave travel time is a formation 
electromagnetic wave travel time, the bulk density comprises a formation bulk density, 
the total volume of the formation fluids comprises a total formation porosity, the gas 
volume fraction comprises a gas-filled porosity, the water volume fraction comprises a 
water-filled porosity, and the gas-oorrected total volume comprises a gas-corrected 
total formation porosity. 

24. (Original) The method of claim 22, wherein ttie foimation fluids comprise at least one 
sample taken from a formation traversed by a borehole, and a sum of the gas-filled 
porosity and the water-fiUed porosity is taken to be one. 

25. (Withdrawn) 

26. (Withdrawn) 

27. (Withdrawn) 

28. (Once Amended) A method for making formation evaluation determinatinng 
evaluating a fomiation travorood by a botoholo , comprising: 

acquiring a nuclear magnetic resonance measuremen t of an earth foimatiqa; 
acquiring a dielectric measuremen t of the eartti foimation: and 
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detemiining a rook-matrix travel time associated with the earth fbT-mfltiAti from 
a combination of the miclear magnetic resonance measurement and the dielectric 
measurement. 

29. (Original) The method of claim 28, further comprising determining a rock-matrix 
travel time log as a function of borehole depth. 

30. (Once Amended) A method for evaluating detenhininy a gas fractional volume in a 
gas-liquid saraple, comprising: 

acquiring a bulk density measuremen t of the B;a^-1iq uid gannpTft-, 

acquiring a nuclear magnetic resonance measuremen t of the gas-liouid samp le; 

and 

detemiining the gas fractional volume of the gas-liq uid saTnple &om_a 
combination of the bulk density measurement and the nuclear magnetic resonance 
measurement. 

31. (Original) The method of claim 30, further comprising computing a density porosity 
from the bulk density measurement and a fluid density, and wherein the determining 
die gas fractional volume is perfonned using the density porosity and tiie nuclear 
magnetic resonance measurement. 

32. (Once Amended) A method for making fbrmation evaluation detemiiTi^ ^-^infi 
ovaluating a formation tmvorsod by a boroholo , con^iising: 

acquiring a dielectric measuremen t of an earfli formation : 
determining a dielectric-derived water volum e.of the earth formation from the 
dielectric measurement; 

acquiring a suite of nuclear magnetic resonance measurements of the eartfi 

foxmarion : 

deriving a water volume of the earth formation and an apparent heavy oil 
volume of the earth foTmation from the nuclear magnetic resonance measurements; and 



8 



PAGE 9f13'RCVDAT2/1S12004 3:12:50 PM [Eastern Standard Tiffl^^ 



FEB. 18.2004 2:16PM SCHLUMBER6ER NO. 085 P. 10 



comparing the dielectric-derived water volume witibi flie nuclear magnetic 
resonance derived water volume and the apparent oil volume to produce a true heavy oil 
volum e of the earth fotmatinTj . 
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